Objectives: Few studies have evaluated the long-term effects of educational interventions on antibiotic prescription and the results are controversial. This study was aimed at assessing the effect of a multifaceted practice-based intervention carried out 6 years earlier on current antibiotic prescription for respiratory tract infections (RTIs).
Introduction
Overuse of antibiotics has contributed to the development of antimicrobial resistance. 1 As most antibiotics are prescribed in primary care and many of these prescriptions for mainly respiratory tract infections (RTIs) are of questionable value, reducing inappropriate prescribing in this setting is paramount. [2] [3] [4] Spain is one of the EU countries with the highest rates of antibiotic prescribing, with a slight increase having been observed over recent years. 5, 6 According to the Agencia Española del Medicamento y Productos Sanitarios, the overall antibiotic consumption in 2016 was slightly over 33 defined daily doses per 1000 inhabitants per day, of which one-third corresponded to non-reimbursed sales. 6 This finding is also supported by the results of the latest Eurobarometer on antibiotic use carried out in 2016, in which 47% of the Spanish respondents admitted having taken an antibiotic in the previous year. 7 Several strategies have been developed to reduce unnecessary antibiotic prescribing in RTIs in the community with little success. 8, 9 A systematic Cochrane review, which included 39 studies of outpatient antibiotic prescriptions for several infectious conditions, found that printed educational materials for general practitioners (GPs), audits and feedback alone resulted in little or no change in prescription practices. 8 A more recent review, including 58 studies, found similar results, but in general, interventions based on multiple initiatives have been found to be more effective than those focused on only one initiative. 9 However, most studies included in these reviews assessed the short-term effect of interventions, and few studies have evaluated the long-term effect of a single intervention, and these have also shown controversial results. [10] [11] [12] [13] [14] The HAPPY AUDIT project was a study financed by the European Commission aimed at strengthening the surveillance of RTIs through the development of intervention programmes targeting GPs and changing people's habits towards prudent use of antimicrobial agents. 15 The results of this study demonstrated a 50% reduction of antibiotic prescription 1-3 months after the intervention. 16 This follow-up study aimed to examine if there continued to be a reduction in antibiotic prescribing in the intervention group of the original study 6 years later.
Methods

Ethics approval
Ethics approval was granted by the Institut d'Investigació en Atenció Primària Jordi Gol i Gurina, Barcelona, reference number 14/106.
Study design
GPs who had participated in a before-and-after audit-based study in 2008 and 2009 in eight different autonomous regions in Spain were invited to participate in a new registration study in 2015. Patient registration took place during 3 week periods in the winter months-January to Februaryin 2008 (first registration), 2009 (second registration) and from January to March in 2015 (third registration) covering a total of 15 working days in each of these registrations.
Shortly after the first registration, the GPs were invited to follow-up meetings where they received individual prescriber feedback and identified potential quality problems from the first registration. These results were discussed at 2 h follow-up meetings in each of the different areas and were run by the local co-ordinators of the study. One to three months before the second registration (November and December 2008) the participating GPs received the following: (i) a training course on the appropriate use of antibiotics for RTIs; (ii) clinical guidelines with recommendations for diagnosis and treatment of RTIs; (iii) brochures and handouts to patients about prudent use of antibiotics; (iv) posters for waiting rooms, focusing on the appropriate use of antibiotics; (v) access to point-of-care tests (POCTs)-rapid antigen detection tests (RADTs) and C-reactive protein rapid testing (CRP); and (vi) training in the use and interpretation of POCTs. This intervention was done during two different 2 h meetings with all the GPs in each of these areas, led by the local co-ordinators. GPs were then advised to use a POCT in cases of doubt and not as a stand-alone test: RADT only in patients with suspected streptococcal pharyngitis (two or more Centor criteria) and CRP in patients with lower RTI with uncertain aetiology. They were also instructed to withhold antibiotic therapy for CRP values ,20 mg/L and to prescribe an antibiotic for values .100 mg/L.
As the availability of rapid tests is scarce in Spain, we again provided these POCTs to the consultation offices of the GPs allocated to the intervention group in 2015. The tests provided were the Clearview Strep A Exact II Dipstick, which takes 5 min to obtain a result, and the Alere Afinion CRP, for which a result is available in ,4 min. The co-ordinators in each area explained how to perform the procedures with these devices, but they did not give any further explanation on when to perform and how to interpret the results of these rapid tests in the third registration. Neither did they give any other information about guidelines and appropriate utilization of antibiotics to avoid any further intervention. A new group of GPs from the same regions who had never participated in courses on the rational use of antibiotics with comparable age, gender, type of job and number of years working to the GPs assigned to intervention were also invited to participate by the local co-ordinators and acted as controls.
Measurements and data
The GPs were requested to register adults with RTIs by means of a specific template providing relevant information about the infectious disease. On this sheet, the physician attending the patient noted different specific parameters of medical care, including the age and gender of the patient, the number of days with symptoms, presenting symptoms and signs, rapid tests used along with their results, performance of chest radiography, main diagnosis, antibiotic treatment or not, whether the patient requested an antibiotic, and referral to another healthcare setting. Three new variables were added to the template used in 2015: infection severity on a five-item scale, pulse oximetry and significant comorbidities. Only first-time contacts for the current disease were registered.
Statistical analyses
The data were analysed with the Stata v0.13 statistical program. Data analysed in a hierarchical multilevel logistic regression model were estimated at two levels: contacts with RTIs and GPs. Antibiotic prescription was considered as the dependent variable (yes/no). The random variation at level 2 (physicians) was accounted for with random intercepts (systematic differences among physicians in the propensity to prescribe) and a random slope for the dummy of the intervention group in 2015, which was assumed to have a non-zero correlation with the random intercept. The model was also adjusted for the covariables of age and gender, number of days with symptoms, symptoms and signs presented, diagnosis and patient demand for antibiotics. The goodness of fit was assessed using the Wald test of the model, with the deviance test to compare alternative models. Statistical significance was considered with P , 0.05.
Results
A total of 123 GPs of the 210 GPs who had participated in the first and second registrations in 2008 and 2009 agreed to participate in the third registration; however, one did not send the templates and another was rejected due to confirmed fraudulent data completion. No statistical differences were observed in terms of age, gender, years working and previous antibiotic prescribing rate between those who completed the third registration and those who discontinued. Valid data were obtained from 121 GPs (57.6% of all the GPs who underwent the intervention in 2008). The control group consisted of 117 new GPs who never had been exposed to interventions on antibiotic prescribing. Figure 1 shows the general scheme of the study.
GPs assigned to the intervention group were slightly older than those allocated to the control group were (mean age of 50.6 years Llor et al.
versus 48.9 years, P " 0.04) and there were slightly more men in the former group (57.8% versus 42.7%, P " 0.21). No statistically significant differences were observed in the number of years of professional activity between the two GP groups (21.4 versus 18.9 years, respectively, P " 0.06). The 238 GPs included a total of 22247 patients with RTIs, with a mean age of 47.5 years (SD 20.3), and 59.8% were female. The infection most frequently registered was the common cold (9136 cases; 41.1%), followed by acute pharyngitis (4347 cases; 19.5%) and acute bronchitis (3172 cases; 14.3%). As shown in Table 1 , the utilization of POCTs was significantly higher among physicians assigned to intervention in 2009 and 2015, while GPs in the control group used the pulse oximetry significantly more frequently than their counterparts (25.5% versus 17.3%, respectively).
Antibiotics were given to 5325 patients (23.9%), but this percentage was significantly lower among the GPs assigned to intervention just after the intervention took place and was highest among the new GPs allocated to the control group (16.8% versus 30.6%), whereas the percentage of antibiotics prescribed by the GPs 6 years after the intervention was 22.3%. The highest antibiotic prescription was observed in pneumonia, acute otitis media and acute exacerbations of chronic bronchitis and COPD (Table 2) .
Data were analysed in a two-level logistic regression model with patients (n " 22247) allocated to level 1 and GPs (n " 238) to level 2. The Wald test of the model was 912.1 (P , 0.001). Tonsillar exudate (OR 9.17) and sputum purulence (OR 6.23) were significantly associated with antibiotic prescribing. Conversely, cough (OR 0.73) was associated with low antibiotic prescribing (Table 3) . On adjustment for covariables, compared with the antibiotic prescription observed just after the intervention, GPs assigned to the intervention group prescribed slightly more antibiotics in 2015, albeit without statistical significance (OR 1.08, 95% CI 0.89-1.31), while GPs allocated to the control group prescribed significantly more antibiotics (OR 2.74, 95% CI 2.09-3.59).
Discussion
To the best of our knowledge, this is the first study to report the longest effect of an intervention carried out in the community with the use of a control group. A single multifaceted intervention including feedback results of a previous registration, interactive seminars on RTIs, guideline discussion and workshop on rapid tests was associated with a slight increase in antibiotic prescribing 6 years later compared with antibiotic prescription observed just after the intervention, although no statistically significant differences were observed. Notwithstanding, GPs who had never participated in an intervention on the appropriate use of antibiotics and acted as the control group prescribed significantly more antibiotics. Long-term impact of an intervention on antibiotic use
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Strengths and limitations
Our study has several limitations. As in other studies, in the present study, GPs participated voluntarily and probably their prescribing habits were not representative of all GPs and this may have limited the extrapolation of the results obtained. It is possible that the participating GPs were more prone to interventions aimed at behaviour change than their colleagues who did not participate. 17 One of the striking results of this paper is the considerable difference in antibiotic prescribing observed in the GPs assigned to intervention before this took place and the control group recruited in 2015, which was 5.2% higher among the latter physicians. Although the GPs allocated to the intervention group could have been more motivated than their control counterparts, this phenomenon could also reflect the slight albeit steady increase in antibiotic consumption observed over recent years in Spain. 5, 6 It is a limitation that we did not register clinical outcomes or complications. However, some important variables not included in the first two registrations that might have influenced whether an antibiotic was prescribed or not such as significant comorbidities, severity of the infection according to GP judgement or the use of pulse oximetry were added to the 2015 template. For all patients included, GPs registered the first reason for encounter when a patient with suspected RTI was seen in their practice and the pattern of RTI infections was most probably equal for the different groups of patients. Other potential confounders not taken into account in our analysis, such as physician motivation and local campaigns to Llor et al.
promote appropriate use of antibiotics, were probably evenly distributed between the groups. In all the groups of patients GPs used the same type of registration sheet and a potential influence of GP behaviour caused by the registration was most likely similar in the two groups of GPs. 18 Two different nationwide campaigns regarding antibiotic use were launched in 2007 and 2008, but the results of these campaigns have never been studied. However, public campaigns on antibiotic awareness in other European countries have not been associated with significant reductions in antibiotic prescribing in primary care. 19 GPs allocated to the control group had never participated in courses on the rational use of antibiotics, but we cannot rule out the possibility that some may have been particularly concerned about the problem of antimicrobial resistance. Despite the fact that POCTs are seldom used in primary care in Spain, we found that 1.6% of all the contacts with RTIs by GPs assigned to the control group used rapid tests, particularly RADTs. Another potential limitation is the Hawthorne effect, which may have introduced bias because GPs in both the intervention and the control group, but more importantly in the latter as they were not familiar with this audit-based registration, may have altered their prescription habits. To reduce this risk, GPs in the control group were specifically instructed to follow their usual care.
Theoretically, the decision to treat should be taken after a diagnosis has been established. In general practice, however, the diagnostic procedures and the decision to treat are intricately intertwined. The GP may decide whether or not to prescribe an antibiotic at the same time, or even before. After making the decision to prescribe, the GP may thus then adjust the diagnosis to fit the decision about treatment. This may lead to a diagnostic misclassification bias. However, this potential bias might have affected the validity of the diagnosis both before and after the intervention and in both groups of GPs (intervention and control groups) and it is very unlikely to have influenced the effect of the intervention. 15 The data corresponding to all the registrations completed in 2015 were entered by only one of the authors of this paper (A. M.), who is both a GP and a researcher. She raised concern of alleged fraudulent completion of some data by three GPs allocated to the intervention group on noticing a digit preference in some numerical variables. 20 Owing to budget constraints we were unable to double-check the information contained in all the templates with the electronic records, but after checking the information provided by these three suspected cases one of these GPs was excluded from the final analysis due to confirmed fraud and all the data Long-term impact of an intervention on antibiotic use JAC entered by this researcher in the three registration periods were rejected. Conversely, the suspicion of scientific misconduct observed in the other two cases was finally dismissed, as the information provided on the templates was veracious. Therefore, on concluding the investigation of possible data fraud and implementing the necessary actions to ensure data validity, we can confidently state that all the data entered in the study are valid and reliable. This was not a clinical trial, because GPs were not randomly assigned to the different groups. This might explain why the new GPs assigned to the control group were slightly younger than their counterparts, with more female doctors. However, the differences observed were not clinically relevant and we do not consider that this difference could have any effect on the results obtained. A total of 10 trainees who were included in the control group in one of the areas were finally excluded to make both groups of GPs more comparable. The greatest strength of this study was the large number of physicians included. In addition, .50% of the GPs who had participated in the first and second registrations and had participated in the intervention accepted to participate in this new registration 6 years later.
Comparison with other studies
Several randomized controlled trials conducted in primary care demonstrated a significant effect of various educational interventions on antibiotic prescriptions for RTIs over the subsequent year, 21, 22 but few studies aimed at assessing the long-term effect of interventions have been published. Indeed, studies assessing effects on antibiotic prescription in primary care after 3 years wrought conflicting results. [10] [11] [12] [13] [14] In general, a reduction of the antibiotic prescribing rate is still observed in the long term as four of these studies found a decrease in the proportion of patients with RTIs who were prescribed antibiotics, but this mainly depends on the number and type of strategies used in the intervention. [10] [11] [12] [13] In a 3.5 year follow-up of a randomized controlled trial carried out in the Netherlands, an intervention that consisted of the provision of CRP in the consultations was associated with a 5% reduction of antibiotic prescribing for patients with acute cough, but the intervention was continuously delivered along the study period. 12 In a French randomized clinical trial, a 2 day interactive educational intervention was associated with a significant reduction of antimicrobials prescribed 30 months after this intervention, 23 and continued showing a lower antibiotic prescribing rate compared with the control group after 4.5 years of follow-up. 13 In contrast, a 5 year Finnish study showed that guideline dissemination through local interactive discussion groups failed to decrease significantly the antibiotic prescriptions, but these results were not compared with a control group. 14 Changing clinicians' prescribing behaviour is a complex matter. Several strategies such as the provision of guidelines, poster display in the waiting rooms and even leaflets have limited effect. When active strategies are added to these passive educational sessions, such as the feedback and discussion of previous results, training in enhancing communication skills in the consultation and the provision of POCTs, the effect is much greater. The different active strategies used in the present study, which required the attendance to 2 h courses and workshops on three different days, might explain the continued reduction in antibiotic prescribing observed 6 years after the intervention.
Conclusions
To the best of our knowledge, no study has evaluated the effect of a single complex intervention more than 5 years later. However, in this observational prospective study, a single multifaceted intervention carried out 6 years earlier consisting of the discussion of the first registration results, a training course on appropriate use of antibiotics and clinical guidelines for RTIs, patients' brochures, posters for waiting rooms, workshop on rapid tests and provision of these POCTs in the consultation, continued to reduce antibiotic prescription for RTIs.
